Dietary recommendations to improve health and reduce disease risk are routinely made in health care settings. There is concern, however, that some dietary modifications, which can be burdensome, might adversely affect mood and psychological well-being. A low-fat diet administered over 4 weeks increased ratings of anger-hostility (1) . Restricted-energy diets for the treatment of overweight and obesity have been reported to increase fatigue and decrease vigour (2, 3) and increase tension (3) , which may be associated with feelings of deprivation and hunger. One study, however, did report a neutral effect on mood of an energy-restricted diet (4) , and a 12-week lowfat diet improved depression and anxiety (5) . Hypertension is a well-established risk factor for CHD (6) , and the Dietary Approaches to Stop Hypertension (DASH) diet (a moderatesodium, high-potassium and high-calcium diet, high in fruits, vegetables and low-fat dairy products) is the recommended dietary pattern to reduce blood pressure (BP) (7) . There is evidence from studies in rats that sodium depletion can induce depressive-like behaviours (8) . Therefore, the effect of changes in dietary electrolytes on mood in human subjects is an important consideration. The Trial of Antihypertensive Interventions and Management study found a low-sodium diet was associated with greater fatigue, when compared to a usual or weight-loss diet (9) . In contrast to this, a low-sodium diet for the treatment of hypertension significantly improved psychologic well-being scores when compared to a control group (10) . Furthermore, the DASH diet not only resulted in a significant reduction in BP (11) , but also appeared to improve perceptions of health-related quality of life, which included measurements of vitality and mental health (12) . Cortisol is an important steroid hormone in the regulation of normal physiology, and may be related to mood as it is a key hormone in the response to stress (13) . The secretion of cortisol, which is a marker of hypothalamic-pituitary -adrenal (HPA) axis activity, follows a diurnal pattern with peak levels following awakening and declining levels thereafter (14) . Dysregulation of the HPA axis has been associated with poor health, particularly with regards to mood states. Negative mood states including depression in men (15) , fatigue in women (16) , and stress in both men (17) and pregnant women (18) have been associated with higher levels of cortisol in the afternoon/ evening period. Conversely, 'burnout' as a result of chronic stress in men (17) and post-traumatic stress disorder (19) have been associated with lower levels of cortisol in the afternoon/ evening period. Considering the importance of the relationship between a normally functioning HPA axis and good health, recent research has reported that dietary factors may alter cortisol secretion. Some dietary patterns may have beneficial effects by reducing cortisol secretion, including lactovegetarian diets (20) . A diet rich in the milk protein a-lactalbumin provided on 1 d reduced cortisol secretion and depressive feelings during stress (21) . However, some dietary patterns appear to have no effect on cortisol secretion including high-fat diets (22) , carbohydrate-restricted diets (23) and a diet enriched with a-lactalbumin (24) , or a trend for a rise in cortisol with a highprotein, low-carbohydrate diet (25) . It is possible that dietary electrolytes may alter cortisol secretion. A large reduction in dietary sodium intake from 200 to 20 mmol/d was found to decrease urinary cortisol excretion (26) . Increasing sodium intake from 40 to 320 mmol/d increased urinary cortisol excretion (27) . Consumption of supplements over a 7 d period to neutralize endogenous acid production, which included potassium, was found to decrease morning plasma cortisol levels (28) . The purpose of the present study was to determine if there were any differential effects on mood of a low-sodium, highpotassium (LNAHK) diet and a high-calcium (HC) diet compared to a moderate-sodium, high-potassium, high-calcium DASH-type diet (OD). An additional aim was to assess the relationship between dietary electrolytes (measured by urinary excretion), mood and salivary cortisol. This was part of a larger investigation examining the effects of dietary modification on BP in free-living individuals (29) .
Methods
All subjects provided written informed consent prior to starting the study, which was approved by the Deakin University Human Research Ethics Committee.
Subjects
Details of subject recruitment are reported elsewhere (29) . Subjects were eligible if they were greater than 25 years old and had a BP measured at the Centre by research staff (office BP) in the high/normal range ($ 120 mmHg systolic BP or $80 mmHg diastolic BP). Ninety-seven male and female subjects commenced the study.
Study design
This study utilized a randomized crossover design, which compared the difference in mood scores during each test diet with an immediately preceding control diet (CD) (Fig. 1) . The CD was similar to the US DASH CD (11) . All subjects received two 4-week dietary interventions (one was the OD), each preceded by a 2-week CD. Subjects were randomly allocated to one of four groups, which determined the order of test diets followed. In summary, all subjects completed the OD diet, approximately half followed the LNAHK diet and half the HC diet, and each of these test diets was preceded by a 2-week CD. Details of randomization are reported elsewhere (29) . Every 2 weeks subjects attended the Centre or were visited by a researcher at their worksite for dietary counselling, and recording of weight and home BP. Mood data were collected weekly throughout the study (13 weeks). Subjects performed 24 h urine collections every 2 weeks to assess dietary compliance. The first morning urine of the designated collection day was discarded and then urine was collected for the next 24 h. Saliva samples were collected at the end of each dietary period. Additionally, subjects were instructed to maintain their usual level of physical activity throughout the duration of the study.
Diets
The CD was low in potassium, magnesium and calcium. Subjects were also instructed to maintain their usual intake of dietary fat and sodium while following the CD. The OD diet was based on the US DASH (11) and was high in potassium, magnesium and fibre; and low in sodium and saturated fat. The LNAHK diet differed from the OD diet in that it was lower in sodium and calcium. The HC diet was specifically high in calcium. Details of the dietary instruction and composition have been published previously (29) . During the CD and all test diet periods, a maximum of four caffeine-containing drinks (e.g. cola drinks, coffee and tea) and two standard alcoholic drinks (10 g alcohol) were permitted daily.
Anthropometry and blood pressure measurements
Details on the methods used to measure home BP and pulse rate, weight, height and calculation of BMI (kg/m 2 ) have been published previously (29) .
Mood
An abbreviated thirty-seven-item version of the Profile of Mood States (POMS) (30) was used to assess participants' mood state. The thirty-seven-item POMS is designed to assess current and changes in mood states, and has been validated (31) . Each week, participants rated their mood state on five-point Likert scales (0 ¼ not at all, 4 ¼ extremely) which best described how they had been feeling during the past week.
Saliva samples
Three saliva samples were collected using the Salivette sampling device (Sarstedt, Rommelsdorf, Germany) at the end of each dietary phase. Salivary cortisol is now an accepted, convenient method that is used to provide an indication of the variation of cortisol secretion throughout Fig. 1 . Study design. The study was a randomized crossover design. Subjects were randomly allocated to one of four groups to determine the order of intervention. Group 1: diet 1, Dietary Approaches to Stop Hypertension (DASH)-type diet (OD); diet 2, low-sodium, high-potassium (LNAHK); Group 2: diet 1, LNAHK; diet 2, OD; Group 3: diet 1, OD; diet 2, high-calcium (HC); Group 4: diet 1, HC; diet 2, OD. Mood was measured weekly and the mean was calculated for each diet phase. Saliva samples were collected at the end of the control diet and test diet phases. The mean of two 24 h urine collections (during the last 3 weeks) was used for each test diet period and one for each control diet period. D Mood, change in mood.
the day (32) . Salivary cortisol correlates with serum/plasma cortisol concentrations (32) and is stable at room temperature for up to 7 d (33) . Subjects were requested to abstain from smoking; ingesting caffeine, alcohol, food and all fluids; and strenuous physical activity for 1 h before each saliva collection. A saliva sample was collected at approximately 12.00, 16.00 and 20.00 hours. All saliva samples were stored at room temperature and then spun at 2000 rpm for 5 min within 5 d of collection, and then stored at 2 808C until assayed.
Laboratory measurements
Salivary cortisol was analysed with an enzyme immunoassay (Diagnostics Systems Laboratories Inc., TX, USA). Each sample was assayed in duplicate, and intra-and inter-assay variability was 13 and 7 %, respectively. Urinary electrolytes (24 h) were assayed using a Hitachi 704 analyser (electrodes and reagents supplied by Boehringer Mannheim GmbH).
Statistical analysis
Preliminary analyses. Scores for each person on each of the thirty-seven items of POMS were averaged across the 13 weeks of the study and then a principal components analysis with oblique rotation was performed (34) . Six factors had eigenvalues greater than 1, but several items were loaded with similar strength across more than one factor, or loaded below 0·5. Seven items were subsequently dropped from analyses. A principal components analysis with oblique rotation of the remaining thirty items resulted in simple structure. The thirty items explained 85·2 % of the variance in mood. The following six factors emerged: Anger (furious, bitter, angry, annoyed, resentful, grouchy, peeved) (range 0-28); Confusion (unable to concentrate, forgetful, confused) (range 0-12); Depression (worthless, hopeless, helpless) (range 0-12); Fatigue (exhausted, fatigued, worn out, bushed, weary) (range 0-20); Tension (anxious, nervous, uneasy, on edge, tense, restless) (range 0-24); and Vigour (lively, energetic, vigorous, full of pep, active, cheerful) (range 0-24). In addition, the POMS global score (total mood disturbance) was used to obtain an overall measure of mood, and was calculated from the raw scores by subtracting the vigour score from the sum of the negative measures of mood and adding a constant of 100 to eliminate negative values (range 100-176) (4) . With regards to the afternoon/evening cortisol samples (collected at approximately 12.00, 16.00 and 20.00 hours), 1091 samples were collected and of these 856 (78 %) were analysed and included in the final analysis. The remaining 256 samples were not assayed or included in the final analysis for the following reasons: (1) samples were missing; (2) no samples were available in the matching diet period; (3) there was a time difference of #2 h or $2 h from the indicated collection time.
Analysis. Statistical analysis was performed using the Statistical Product and Service Solutions software (SPSS version 12.0.1; SPSS Inc., Chicago, IL, USA) and SAS for Windows version 9.1 (SAS Institute Inc., Cary, NC, USA). Values are expressed as means and standard deviations when describing baseline characteristics, and means and standard errors of the mean were used for comparisons between groups.
The six mood factors used in the final analysis were based on the mean of two collections during the baseline and CD periods, and the mean of four collections during the test diet periods. For salivary cortisol levels during the afternoon/evening, which represented approximately an 8 h time period, the area under the total response curve (AUC) (nmol/l per 8 h) was calculated using the trapezoid formula (35) . The mean collection time for all subjects was 08.14 (SD 0·43) hours. The mean of two 24 h urine collections taken in the last 3 weeks of the dietary intervention phase were used in the final analysis.
The three diet groups (OD, LNAHK and HC) were not independent. The weight, BP and urinary electrolyte data were both normally distributed and continuous. The difference between weight, BP and urinary electrolytes during the CD and diet period were analysed using paired Student's t tests. Urinary electrolyte levels between the LNAHK and HC compared to the OD diet periods were assessed using Student's t tests (same individuals). The mood data were both skewed and ordinal. The difference between mood factors during the CD and diet period was analysed using Wilcoxon signed ranks tests. The difference between the change in mood factors between the OD period and the LNAHK period, and the OD period and the HC diet period was determined using Wilcoxon signed ranks tests, and adjustments for multiple comparisons were made using Sharper Bonferroni procedures (36) . Associations between change in mood factors and change in BP were adjusted for repeated measurements (subject variables) using the GENMOD procedure with generalized estimating equations, before Pearson correlations were determined. Associations between mood factors, 24 h excretion of urinary metabolites and cortisol concentration (AUC) were adjusted for repeated measurements (both subject and diet phase variables) using the GENMOD procedure with generalized estimating equations methods, before their Pearson correlations were determined (significance was set at P, 0·01 to minimize type 1 errors). Additionally, multivariate regression analysis was used to determine predictors of mood factors. P, 0·05 was considered to be statistically significant unless otherwise indicated.
Results

Subject characteristics
Ninety-four subjects completed the OD diet period, forty-three completed the LNAHK diet period and forty-eight completed the HC diet period. There were more men than women who completed the study (Table 1) . Of the thirty-eight women in the study, twelve (32 %) were pre-menopausal and twentysix (68 %) were post-menopausal. The mean BMI (kg/m 2 ) for the study participants was within the overweight range (37) (Table 1 ). There were seven subjects (7 %) who indicated they had a mental health condition and/or were taking medications for a mental health condition, for example depression. At baseline, there was no difference in the POMS global score between males (n 56) and females (n 38) (108·1 (SEM 2·3) v. 110·7 (SEM 1·8); P. 0·05); between premenopausal (n 12) and post-menopausal women (n 26) (108·0 (SEM 2·3) v. 115·8 (SEM 3·7); P. 0·05); between subjects who indicated they had a mental health condition and/or were taking medication for a mental health condition (n 7) and those without a mental health condition (n 87) (127·1 (SEM 11·5) v. 107·7 (SEM 1·3); P. 0·05). Comparing males and females during the first CD period, there were no differences in cortisol levels (AUC) (2·02 (SEM 0·16) v. 1·87 (SEM 0·18) nmol/l per 8 h; P. 0·05). Combining the four dietary test periods, mean salivary cortisol at approximately 12.00, 16.00 and 20.00 hours was 7·63 (SEM 0·21), 6·05 (SEM 0·24) and 3·43 (SEM 0·16) nmol/l, respectively.
Differences between baseline and first control diet periods, and between first and second control diet periods
Comparing baseline with the first CD period, there was a trend for a lower POMS global score during the first CD period (109·1 (SEM 1·6) v. 108·0 (SEM 1·6); P¼0·076). Comparing the two CD periods, the POMS global score was significantly lower in the second CD period (107·9 (SEM 1·6) v. 103·3 (SEM 1·3); P,0·05) and urinary potassium was 5·3 (SEM 2·4) mmol/d higher (P, 0·05).
Body weight and blood pressure
Assessing the change in weight between the three test diets and CD period (test diet 2 CD) there was no change during the OD diet period (þ0·1 (SEM 0·1) kg; P. 0·05), a significant reduction during the LNAHK diet period (2 0·4 (SEM 0·2) kg; P, 0·05) and a significant increase during the HC diet period (þ0·9 (SEM 0·1) kg; P,0·05). When compared to the OD diet group, there was a greater increase in weight during the HC diet period (same individuals) (þ0·7 (SEM 0·2) kg; P, 0·05).
The changes in BP (systolic BP/diastolic BP) between the dietary phases and the CD (test diet 2 CD) were: OD: 2 1·68 (SEM 0·5)/2 0·4 (SEM 0·3) mmHg (P,0·001 and P. 0·05, respectively); LNAHK: 2 4·4 (SEM 0·8)/2 2·0 (SEM 0·6) mmHg (both P, 0·001); HD: þ0·6 (SEM 0·4)/þ0·3 (SEM 0·3) mmHg (both P.0·05).
Urinary electrolytes
During the OD diet period compared to the CD period, there was a decrease in sodium of 28·1 (SEM 6·5) mmol/d (P, 0·05) and an even greater reduction of 77·4 (SEM 9·4) mmol/d (P,0·05) during the LNAHK diet period. There was a substantial and comparable increase in urinary potassium, 34·0 (SEM 3·0) mmol/d (P, 0·05) and 35·4 (SEM 4·5) mmol/d (P, 0·05) for the OD and LNAHK diet periods compared to the CD period, respectively. Urinary magnesium excretion increased in all three diet periods when compared to the CD period (OD: 0·8 (SEM 0·2) mmol/d; LNAHK: 4·8 (SEM 0·2) mmol/d; HC: 4·5 (SEM 0·2) mmol/d; P, 0·05 for all). In the same individuals during the LNAHK diet period v. the OD diet period, urinary sodium excretion was lower (59·0 (SEM 5·4) v. 116·6 (SEM 7·3) mmol/d; P, 0·05) and urinary calcium excretion was lower (2·6 (SEM 0·3) v. 3·6 (SEM 0·4) mmol/d; P, 0·05). In the same individuals during the HC diet period v. the OD diet period, urinary sodium excretion was higher (151·6 (SEM 7·3) v. 118·0 (SEM 7·7) mmol/d; P,0·05) and urinary calcium excretion was higher (4·6 (SEM 0·4) v. 3·7 (SEM 0·3) mmol/d; P, 0·05).
Effects of dietary modifications on mood
Assessing the change in mood between the three test diets and CD period (test diet 2 CD) there was a significant reduction in the POMS global score for the LNAHK and HC diets; however, these were no longer significant when adjustments were made for multiple comparisons (LNAHK: 2 3·9 (SEM 1·8), P¼0·019; HC: 2 2·5 (SEM 1·0), P¼0·037). There was no significant change in the POMS global score during the OD diet compared with the CD (2 1·5 (SEM 0·8), P¼0·102). Individuals who completed the LNAHK diet had a greater reduction in depression, tension and the POMS global score, and an increase in vigour when compared to their response with the OD diet ( Table 2 ). There were no significant differences in the change in mood scores for the HC compared to the OD diet groups (Table 2) . There were no significant relationships between the changes in the POMS global score, BP, weight and cortisol (data not shown).
Twenty-four hour urinary electrolyte excretion, mood and cortisol concentration Sodium intake was associated with anger and vigour, such that those with lower urinary sodium excretion had lower levels of anger and vigour (Table 3 ). Higher urinary excretion of potassium was associated with lower fatigue, and higher magnesium excretion was associated with higher vigour. In addition, urinary excretion of potassium and magnesium were positively associated with levels of cortisol. Higher levels of urinary calcium excretion were associated with lower levels of fatigue and the POMS global score. A lower sodium/potassium ratio was associated with lower levels of anger and depression. Greater vigour, lower fatigue and lower POMS global score, which are all indicative of better mood, were all associated with a higher level of salivary cortisol. Multivariate regression analysis indicated that urinary predictors of fatigue included urinary potassium (b 20·03 (SE 0·01)) and urinary calcium (b 2 0·36 (SE 0·09)) and that this combination explained 60 % of the variance (R 2 0·060; P, 0·001). For vigour, a model which included both urinary sodium (b 0·02 (SE 0·01)) and urinary magnesium (b 0·82 (SE 0·15)) explained 84 % of the variance (R 2 0·084; P, 0·001).
Discussion
In a population of community-dwelling individuals participating in a dietary intervention study to reduce BP, we found that three diets did not have a deleterious effect on mood. Furthermore, the results of the present study indicate a dietary pattern that is low in sodium and high in potassium appeared to improve mood. The effect of dietary change on mood and psychological well-being is an important consideration, particularly when dietary therapies are routinely recommended to the general public for the treatment of conditions such as hypertension (7) . Participation in a dietary intervention programme which involves strict adherence to dietary guidelines, numerous clinical measurements and questionnaires, and regular visits to the study centre, could impact negatively on an individual's mood. The results from the present study do not appear to support this, as we found no evidence for a deleterious effect on mood, which is similar to findings from other studies (4, 38) . We found the LNAHK diet in comparison to the OD diet resulted in small but significant improvements in depression, tension and vigour, and the global mood score. This was also confirmed by significant associations between urinary electrolytes and mood, where a lower sodium and higher potassium intake was associated with better mood. The present findings contrast with recent literature that suggests dietary sodium reduction may have deleterious effects on mood. The Trial of Antihypertensive Interventions and Management study found reducing sodium increased fatigue but did not alter levels of depression (9) . There is evidence from studies in rats that sodium depletion can induce depressive-like behaviours (8) , although in the present study sodium levels on the LNAHK diet were reduced rather than depleted. Sodium reduction can activate the renin -angiotensin system which increases aldosterone (39) , and higher levels of aldosterone have been reported in patients with clinical depression as compared to controls (40) . In a Cochrane review, a urinary sodium reduction to 20 mmol/d corresponded with a 5-6-fold increase in aldosterone (39) . In the present study, urinary sodium levels on the LNAHK diet were above this level, approximately 60 mmol/d, which may not be low enough to stimulate a clinically significant rise in aldosterone. Furthermore, we did not find an increase in depression POMS scores (deterioration of mood) in those following the LNAHK diet. An alternative explanation for the improvement in depression when subjects followed the LNAHK diet might be due to an increase in dietary magnesium. Low serum magnesium levels have been reported in depressed individuals with diabetes (41) and hospital patients (42) , but not postpartum women (43) . Furthermore, magnesium supplementation can be an effective treatment of depression (44) . It should also be acknowledged that in contrast to the improvement in vigour on the LNAHK diet, a higher urinary sodium excretion was associated with higher vigour, when examined across all dietary patterns. However, in a model that included both urinary sodium and urinary magnesium, this was found to be a significant predictor of vigour. Dietary magnesium is an essential mineral and has a key role Values were significantly different from those of the control group: **P, 0·01, ***P, 0·001 (P, 0·01 was considered to be statistically significant). † Data are from all three diet groups combined and from each phase of the study (baseline, control diet, test diet 1, control diet, test diet 2). Associations were adjusted for repeated measurements (both subject and diet phase variables) using the GENMOD procedure with generalized estimating equations methods, prior to assessment of Pearson correlations.
in energy metabolism, and deficiency of magnesium can lead to a myriad of symptoms including muscular weakness and lethargy (45) . Therefore, the higher levels of vigour may be attributed to the role that magnesium has in energy metabolism. Further studies are required to determine the robustness of these findings and to dissect out possible relationships between overall mood and dietary sodium and magnesium. In the present study, higher urinary calcium excretion was associated with better mood including lower fatigue and the global mood score. Unlike urinary sodium and potassium, urinary calcium is not directly related to dietary intake, and is likely to be influenced by genetic factors (46) . It is possible other factors could have contributed to the improvements in mood. There was an improvement in mood from the first to the second CD period, which could have been due to regular contact with motivating research staff. However, we found that there was an improvement in mood on the LNAHK diet compared to the OD, which is unlikely to be due to generalized participation in a dietary study. It should be noted that subjects were not blinded to any BP reductions, and this knowledge could have contributed to a positive effect on mood, particularly as the greatest BP reductions were seen on the LNAHK diet, although there was no relationship between the change in BP and change in mood. Other factors such as reduction in body weight can have adverse effects on mood by increasing hunger and feelings of perceived deprivation (47) . In the present study, weight changes were small and we found no relationship between the change in weight and the change in mood.
The subjects enrolled in the present study comprised of healthy individuals who were predominantly free of mental health issues, which is evident from the low baseline values for negative mood states. As a consequence, the improvements in mood were also small. During the LNAHK diet compared to the OD diet, tension decreased by 1·6 units on the POMS scale, which was similar to a reduction in tension-anxiety after following a low-fat diet (5) . These small improvements in mood may not be clinically relevant to an individual, but could be important at a population level, since these dietary modifications are routinely made to lower BP.
Overall, salivary cortisol concentrations during the afternoon/evening period were comparable to levels reported in other studies (17, 48, 49) and were consistent with a normally functioning HPA axis (17) . In the present study we found small but significant correlations between mood and cortisol, such that greater vigour and lower fatigue were associated with higher cortisol levels. This is supported by a study which found that acute administration of 35 mg cortisol (a relatively large dose) decreased fatigue, although fatigue decreased by only a small amount, approximately 1 unit on the POMS scale (50) . However, the present findings are contrary to results from other studies, where negative mood states, including depression, fatigue and stress, have been associated with higher cortisol levels (15 -17) . It is important to highlight difficulties when comparing studies due to the differences in analytical approaches used to express cortisol levels (e.g. area under the curve, comparison of absolute values, change scores). In the present study, it is likely that positive mood states (greater vigour, lower fatigue) were associated with a normally functioning HPA axis and therefore normal levels of cortisol. Similarly, within our population group, urinary potassium and magnesium excretion was positively associated with an apparently normally functioning HPA axis. In contrast to this, one study reported that acute administration of potassium (200 mmol/d) did not affect cortisol secretion (51) . We found no relationship between urinary sodium and cortisol in the present population group. A reduction from 200 to 20 mmol/d has been found to decrease urinary cortisol excretion (26) , but in the present study urinary sodium was three times higher than this on the LNAHK diet. The findings from the present study are of interest; however, further studies are required to understand the relationship between dietary electrolytes and cortisol secretion.
The strengths of the present study include a crossover design which enabled us to test the same individual following two diets, and to examine the effect of the diets at different time-points during the study. Moreover, the numbers of subjects tested in each diet group is comparable to other studies which have investigated the effect of dietary modifications on mood (5) . Correlation coefficients between mood variables and 24 h excretion of urinary metabolites were modest but consistent, and were also supported by similar changes in mood following dietary intervention. A possible limitation of the present study design is that subjects were asked to complete the mood questionnaire weekly over the 13-week study. Participants may have become familiar with the instrument and selected similar results, which would diminish the capacity to detect changes in mood over the study. Despite this, we did find an improvement in mood during the LNAHK diet. Furthermore, the generalizability of findings from the present study is limited to a population of generally healthy men and women participating in a short-term dietary intervention study.
In conclusion, dietary patterns that can assist in lowering blood pressure do not seem to have a deleterious effect on mood. In particular, a low-sodium, high-potassium diet appears to have an overall positive effect on general mood state, but the potential inter-relationship between mood and dietary electrolytes requires further investigation.
